Background: Sigmoid volvulus is a rare condition in children. Early diagnosis increases the success of nonsurgical treatment in the emergency department, but posterior elective surgery is important due to the risk of recurrence. Methods/Conclusions: We present the case of a healthy 16-yearold girl with recurrent volvulus and successful endoscopic treatment followed by elective surgery. 
Introduction
Sigmoid volvulus is a rare cause of pediatric bowel obstruction [1] . It occurs due to torsion of a dilated sigmoid colon around its mesenteric axis. This causes venous and arterial blood flow obstruction with progressive bowel ischemia, necrosis, and perforation if left unThis article is licensed under the Creative Commons AttributionNonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution for commercial purposes as well as any distribution of modified material requires written permission. Henriques-Coelho/Pinho-Sousa treated [2] . The clinical presentation can be acute with intense abdominal pain, abdominal distention, and vomiting, or chronic with vague symptoms. Physical examination results are unspecific, and the diagnosis relies on a high clinical suspicion and further complementary studies [1, 2] . There is no consensus on the best diagnostic imaging modality, but the procedures most often performed on children remain abdominal radiography and CT.
Clinical suspicion allows an early diagnosis and a nonsurgical approach in the acute setting, decreasing the morbidity and mortality associated with perforation and necrosis. Nevertheless, the definite treatment in children consists of sigmoid resection and primary anastomosis, due to the risk of recurrence.
The aim of this clinical case study is to make this rare entity in children known to clinicians and to assess the safety and benefits of endoscopic reduction as the primary approach, without precluding definitive surgery.
Clinical Case
A healthy teenager was admitted to the emergency department due to a 1-day history of intense, generalized, cramping abdominal pain, nausea, and abdominal distention, with no other symptoms. Previous episodes of generalized abdominal pain were described, but of lower intensity, normally resolving with the passage of stools. She had a previous history of functional constipation, with improvement in the last years and no follow-up at the moment. She had no history of previous abdominal surgeries.
On physical examination she was pale, sudoretic, tachycardic, with abdominal distention, subtle metallic bowel sounds, and tenderness on palpation of the left abdominal quadrants with associated voluntary guarding. Blood count and serum chemistry results were normal. Abdominal ultrasound showed generalized intestinal distention, without free fluid or inflammatory findings. Upright abdominal radiography (Fig. 1 ) revealed a dilated colon on the left quadrants, with an air-fluid level. Abdominal CT was performed ( Fig. 2 ), which identified a distended gas-filled colonic loop on the left quadrant, probably the sigmoid, associated with twisting of the correspondent mesentery and vessels ("whirlpool sign"). These findings were compatible with intestinal occlusion probably from a sigmoid volvulus. An endoscopic exsufflation reduction was decided for first-line treatment and was performed with success under general anesthesia. The patient was asymptomatic after the procedure and discharged on the following day. She was scheduled for a follow-up consultation with a pediatric surgeon.
Four months later, she was readmitted to the emergency department with the same complaints and additional nonbilious vomiting. The complementary examinations confirmed the recurrence of sigmoid volvulus. A broad-spectrum prophylactic antibiotic treatment and fluid resuscitation was started and colonoscopic reduction under general anesthesia was performed. During the procedure, a complete bowel obstruction was identified 25 cm from the anal margin. Reduction with exsufflation and fluid instillation was completed with success, and a complete colonoscopy showed no signs of bowel ischemia. The patient was admitted to the hospital for further study and monitoring. On the following day, a barium enema was requested to exclude a transition zone (due to the previous history of constipation and to evaluate a possible Hirschsprung disease). The examination identified a redundant distended sigmoid colon with a narrow and long axis, with no visible transition zone (Fig. 3) .
Due to the risk of recurrence, it was decided to perform an elective surgery on the 4th day of hospital stay. Upon surgery, a redundant sigmoid colon with a large diameter and a narrow, long mesenteric axis was visible. Signs of malrotation were searched for and excluded. A sigmoidectomy with primary end-to-end colonic anastomosis was conducted, and the postoperative period was uneventful. A histopathological analysis identified a normal ganglion distribution. To date, the patient has been followed up for 2 years in the outpatient clinic, without symptoms.
Discussion
Sigmoid volvulus is a rare condition in children but should be a differential diagnosis of intense abdominal pain. In pediatrics, it is most often associated with congenital anomalies of the fixation of the colon (a redundant sigmoid colon with a short mesenteric axis), a longstanding history of constipation, or Hirschsprung disease [1, [3] [4] [5] [6] . Different studies found an incidence of Hirschsprung disease in up to 18% of patients with sigmoid volvulus [4, 6] . There are also reports that identified roundworm infestation [6, 7] , malrotation [1] , and neurologic disorders [2, 6] as predisposing factors.
Clinical awareness and an early diagnosis increase the success of nonsurgical detorsion (either by contrast enema or colonoscopy), preventing the ischemic/necrotic bowel complications and morbidity of emergent surgery. Nevertheless, this diagnosis can be challenging, especially in children. In adults, abdominal radiographs identify the omega or coffee bean sign in more than 60% of cases, but in children this has only a 17-30% success rate [1, 2, 4] . The most common findings in radiographs of children are colonic distention or an air-fluid level in sigmoid loops [1, 8] .
Abdominal contrast-enhanced CT is the second most often performed examination for the diagnosis of bowel volvulus, being diagnostic in approximately 56% of pediatric cases of sigmoid volvulus, normally by identifying a swirled mesentery or the beak sign [2] . It also has the advantaged of evaluating the presence of bowel wall necrosis, which is an indication for surgery.
After diagnosis, IV resuscitation, placement of a nasogastric tube, and broad-spectrum antibiotics should be administered. Most authors agree that if a patient is stable and there are no signs of bowel perforation or necrosis, a nonoperative reduction must be attempted [2, 9] . The importance of these procedures is that they reduce the higher complication rate associated with a colectomy in an emergency setting [2, 6] . The main controversy is about whether it should be endoscopic or a contrast enema reduction. Proponents of enema reduction advocate that it is a diagnostic (identification of the "bird's beak" sign) and therapeutic procedure that simultaneously facilitates bowel preparation for surgery, being successful in up to 77% of cases [1-3, 6, 7] . Nevertheless, it is believed by some to have a higher complication rate (perforation due to bowel ischemia), and sometimes more than one attempt is necessary [1, 4] . As for endoscopic reduction, previous reports have stated a lower success rate in children [1, 2, 7] , but a recent review of the literature report- ed a success rate of 69% and no associated complications, also having the advantage that it allows for inspection of the bowel mucosa and avoiding exposure to radiation [6] . The main complications associated with this procedures are iatrogenic bowel perforation and unsuccessful detorsion. In the review of the pediatric literature there are no described cases of perforation. In order to reduce this complication, the following points are important: (1) a thorough selection of patients and the reduction technique, (2) avoidance of excessive air insufflation, and (3) the use of flexible scopes. Rigid devices should not be used, because of higher perforation rates [6] . Patients that are clinically unstable or have a suspected bowel perforation, bowel necrosis, or peritonitis are contraindicated for endoscopic/nonsurgical reduction.
These patients and those on whom nonsurgical procedures have failed should undergo emergent surgery. For stable patients submitted to successful nonsurgical reduction, posterior elective sigmoidectomy is the gold standard, due to the high risk of recurrence (more than 65%). This is even more important in this age group, because of the patients' longer average life expectancy [1, [4] [5] [6] . It should be done as a semi-elective procedure during the same period of hospital stay, normally after at least 24-48 h, due to the high early recurrence rates [1, 6] . It is also recommended that a full-thickness rectal biopsy be performed for immunohistochemical study to rule out Hirschsprung disease [2, 3] .
Several nonresective alternative surgical techniques have been described for nongangrenous sigmoid volvulus, advocating that they prevent the morbidity related to colectomy. Some of these techniques are extraperitonization and mesosigmoidoplasty, widening of the sigmoid mesentery (following the principles of Ladd's procedure in midgut volvulus), and percutaneous endoscopic or surgical sigmoidopexy [6, 7, 10] . Reports of these techniques in children are limited to case reports; they show a higher recurrence rate and the long-term results are not described.
Although rare, colonic volvulus should be considered in the differential diagnosis of pediatric bowel occlusion. The best management approach for patients with acute, noncomplicated presentation is debatable, but there is a consensus that nonsurgical reduction should be attempted in order to stabilize patients for a posterior, definitive surgery.
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